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Unaccustomed or strenuous eccentric exercise may induce skeletal muscle injury which 
can lead to various signs and symptoms such as reduced muscle force, muscle soreness, 
and decreased range of motion. There is an increasing interest in antioxidant 
supplements to alleviate the symptoms associated with eccentric exercise induced 
muscle damage. This paper reviews evidence for the effects of antioxidants commonly 
used to reduce the symptoms after eccentric exercise. 
There is conflicting evidence in the studies examining the effect of vitamin C and 
vitamin E regarding the protective properties of the antioxidant vitamins. Furthermore, 
astaxanthin and n-acetylcysteine supplementation did not positively effect indirect 
markers of muscle injury in the studies discussed in this review. However, there is 
promising evidence for polyphenol supplementation’s effect on positively modulating 
eccentric-exercise induced muscle damage symptoms. Variation exists in study design, 
use of blinding, randomisation, and controls, which indicates the need to implement a 
systematic review approach in future. A systematic review would critically select and 
assess the evidence and provide more concrete conclusions to be established about the 
efficacy of certain antioxidants as supplement for treating symptoms of eccentric-






 It is well known that unaccustomed or strenuous exercise, in particular eccentric 
muscle actions, induces skeletal muscle injury which may lead to various signs and 
symptoms (Proske & Morgan, 2001). Eccentric contractions primarily slow down or halt 
a movement while producing strength, such as lowering a weight, or suddenly stopping 
and changing direction (Proske & Morgan, 2001). Eccentric contractions of the muscle 
are considered more damaging than dynamic contractions; when the muscle is 
shortening (Clarkson & Hubal, 2002). Eccentric exercise is distinguished by a loading 
profile which integrates high force and low fibre recruitment, and puts mechanical stress 
on the connected structures (Enoka, 1996). Disruption of the sarcomeres and failure 
within the excitation contraction coupling system will result in mechanical stress and is 
believed to be a major cause of initiating muscle damage (Chiang et al., 2009). 
Furthermore, an increase of inflammatory cytokines and reactive oxygen species (ROS) 
in the area may exacerbate the injury (Urso & Clarkson, 2003). A variety of 
measurements can be used to measure the degree of muscle damage. Reduced muscle 
force, muscle soreness, inflammatory biomarkers, and changes in oxidative stress are 
common measurements. The best marker for assessing muscle damage has been 
suggested to be reduced performance, especially decreased maximum isometric 
contraction force (Falvo, Schilling, Bloomer, & Smith, 2009). Strength loss from eccentric 
exercise starts directly after the exercise and can persist for several days (Warren, Lowe, 
& Armstrong, 1999). Muscle pain, soreness, and stiffness, usually appear within the first 
24–48 hours after the eccentric exercise (Warren et al., 1999). 
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 Athletes and recreational exercisers commonly use dietary supplements, such as 
antioxidants, hoping to ease discomfort or impairment cased by eccentric exercise. The 
theory behind the usage of antioxidants supplements is that they may bolster the 
defence mechanisms during eccentric exercise and reduce reactive oxygen spices and 
perhaps the inflammatory processes (Bryer & Goldfarb, 2006). Nevertheless, the 
effectiveness of the supplements are controversial and may even have adverse effect, 
and effect of antioxidant supplementation in reducing symptoms of eccentric-exercise 
induced muscle damage (EEIMD) is at present under debate (Cheung, Hume, & Maxwell, 
2003). This review will bring together evidence from human trials examining common 













 During exhaustive exercise the production of reactive oxygen spiecies (ROS), also 
known as free radicals, is increased. These produce a homeostatic imbalance, which 
create oxidative stress and lead to tissue cell death. Antioxidants may counteract ROS, 
which in turn can reduce damage and muscle pain (Urso & Clarkson, 2003). However, 
some argue that muscle function may be impaired, or that adaptations occurring after 
exercise might be delayed (Teixeira, Valente, Casal, Marques, & Moreira, 2009). It has 
also been discussed that muscular performance can be affected by interfering with the 
cell signalling functions of ROS (Teixeira, et al., 2009). There are many ways of classifying 
antioxidants. One common classification is enzymatic and non-enzymatic antioxidants 
(figure 1). The enzymatic antioxidants break down and remove free radicals. Common 
non-enzymatic antioxidants are vitamin A, C and E, and plant polyphenols, which 










Vitamin C (ascorbic acid) 
 Vitamin C is present in the cytosolic compartment of cells and is a potent water 
soluble vitamin (Evans, 2000). It is found mainly in fruit and vegetables, where citrus fruit, 
leafy vegetables and tomatoes are good sources of that vitamin (Deruelle & Baron, 2008). 
Vitamin C can scavenge reactive oxygen species as well as reactive nitrogen species 
(Padayatty et al., 2003). In a double-blind, randomized, crossover study (Kaminski & Boal, 
1992), delayed onset muscle soreness (DOMS) in subjects taking 3000 mg ascorbic acid 
a day was compared with subjects taking lactose placebo following strenuous eccentric 
exercise of the plantar flexors for 15 minutes (table 1). The supplements were taken 3 
days before and 4 days after the exercise. The results showed that the DOMS was 
significantly less in the ascorbic acid group; approximately one half of the participants 
experienced > 33% reduction in DOMS compared with placebo. However, the study had 
some drawbacks; it did not describe training status of the subjects and lacked an 
untreated control group which might have led to a repeated bout effect (as described by 
Nosaka & Clarkson, 1996), resulting in less damage after the second bout. Therefore the 
results should be interpreted with caution. More recently, a study (Bryer & Goldfarb, 
2006) investigated the effect of 3000 mg of vitamin C (n= 10) or starch placebo (n= 8) for 
2 weeks before and 4 days after 70 maximal eccentric contractions of the elbow 
extensors in young untrained men. Supporting the findings of Kaminski and Boal (1992) 
DOMS was significantly reduced with vitamin C supplementation for the first 24 hours. 
The glutathione ratio, used to assess oxidative stress, was increased at 4 and 24 hours 
with placebo but the change was prevented with vitamin C and was significant at p < 
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0.05. Nevertheless, no difference was found between the groups in regards of muscle 
force loss or creatine kinase (CK). The same year, Connolly, Lauzon, Agnew, Dunn, and 
Reed (2006) investigated the effect of vitamin C (3000 mg/day) or glucose placebo, 3 
days prior and 5 days after 40 maximal eccentric elbow flexions. The subjects were 24 
men and women not trained in resistance exercise. In contrast to the papers by Kaminski 
and Boal (1992), and Bryer and Goldfarb (2006), no difference in muscle soreness was 
found between the groups (p = 0.342). In addition, no significant difference in strength 
loss (p = 0.202), point tenderness (p = 0.824) or range of motion (ROM) (p = 0.208) was 
found. The three named  studies used a high dose of vitamin C; 3000 mg/day, which is 
1000 mg more than the tolerable upper intake level established by the Institute of 
Medicine's Food and Nutrition Board (Hathcock et al., 2005). High intake vitamin C may 
work as a pro-antioxidant and induce oxidative stress in the body (Mikirova, 2007). A 
lower dose of vitamin C (12.5 mg/kg) in a drink together with 10 mg/kg N-acetyl-cysteine 
(NAC) or powdered drink mix placebo was used in a paper by Childs, Jacobs, Kaminski, 
Halliwell, and Leeuwenburgh (2001). The drink mix was ingested in a double blinded 
fashion direct after 30 eccentric contractions (80% of 1 repetition maximum [RM]) of the 
elbow flexors, and every day following eccentric exercise for 7 days. No significant 
difference was found in DOMS between the two groups, which consisted of healthy 
young men and women. Interestingly, the common muscle damage markers CK and 
lactate dehydrogenase (LDH) were increased in the supplementation group – indicating 
that the antioxidants may have intensified the damage. The latter study differed from 
the previously mentioned research as the supplementation was taken after the exercise, 
14 
and not before. Ingesting vitamin C before eccentric exercise seems to have a 
prophylactic effect, however, more studies are needed in the area to further investigate 
this. 
 In summary, there is conflict in the evidence regarding the protective properties 
of vitamin C, and well designed studies using similar dosages, measurement variables as 
well as better controlled populations is needed to accurately describe vitamin C's 
















Table 1. Eccentric exercise and Vitamin C 
 
Study Participants Supplement Eccentric Exercise Outcome 
Vitamin C     
Kaminski and 
Boal (1992) 
19 M & F 
Untrained 
3000 mg/d vitamin 
C 
3 d before and  
4 d post exercise 
15 min eccentric 








12.5 mg vitamin C 
10 mg NAC/kg 
After exercise and  
7 d post exercise 
30 eccentric elbow 









19 M & F 
Untrained 
3000 mg/d vitamin 
C 













3000 mg/d vitamin 
C 
2 w before 









Abbreviations: CK, creatine kinase; DOMS, delayed onset muscle soreness; F, females; LDH, lactate 
dehydrogenase; M, males; MF, muscle force; MT, muscle tenderness; ROM, range of motion; IL-6, plasma 







Vitamin E (α-Tocopherol) 
 Vitamin E is found in cell membranes and is considered the most important lipid 
soluble antioxidant vitamin. Main sources of the vitamin are vegetable oils, and nuts. It 
is present in four tocopherols and four tocotrienols, where α-tocopherol is the source 
found in supplements and in the European diet (Wagner, Kamal-Eldin, & Elmadfa, 2004). 
When fat undergo oxidation, vitamin E can stop the production of reactive oxygen 
species (Brigelius-Flohé & Traber, 1999). Whereas a number of investigations have used 
aerobic exercise as the physical stressor, few have focused on eccentric resistance 
exercise. Beaton, Allan, Tarnopolsky, Tiidus, and Phillips (2002) investigated if vitamin E 
supplementation would have an effect on eccentric exercise muscle damage. The 
subjects performed 240 maximal eccentric muscle contractions of the quadriceps after 
supplementing with 1200 IU vitamin E or placebo for 30 days. The results showed that 
vitamin E had no effect on torque, perceived muscle soreness, CK activity, sarcolemmal 
protein integrity inflammatory cell infiltration or Z-band disruption. The muscle biopsies 
for measurement of the muscle damage (visible in Z-band streaming) was taken at only 
one time point (24 hours after the exercise bout) and it is possible that other time points 
when vitamin E had a protective effect were missed (Warren et al., 1999). Another 
hypothesis for the default of effect may be the large number of repetitions (240), which 
could have caused so much micro damage that the effect of vitamin E was reduced 
(Brumitt, 2015). Furthermore, no power calculation was performed and the study might 
have been underpowered in regards of the sample-size, to correctly evaluate vitamin E's 
effect on muscle damage. Moreover, in a well-designed randomized controlled study by 
17 
Silva et al. (2009), 21 untrained participants took part in a bout of three sets of eccentric 
elbow extensions and flexions (80% of 1 RM) to exhaustion. The participants took 800 
IU vitamin E per day or for a total of 21 days, starting 14 days before the exercise bout 
and ending 7 days post-exercise. A decrease in DOMS and oxidative damage but not the 
inflammatory response (interleukin 10 [IL-10] and tumour necrosis factor-α [TNF-α]) was 
found in the supplementation group. 
 At present, athletes or recreationally active people can not be given particularly 
convincing advice regarding vitamin E and EEIMD, and it is apparent that there is a need 
for further dose–response studies. 
 
Table 2. Eccentric exercise and vitamin E 
Study Participants Supplement Eccentric Exercise Outcome 
Vitamin E     




1200 IU vitamin E 
for 30 days 
240 maximal eccentric 






Silva et al. (2009) 21 M 
Untrained 
800 IU vitamin E 
14 d before and 
14 d post exercise 
3 sets of eccentric 
elbow flexions and 





Abbreviations: CK, creatine kinase; DOMS, delayed onset muscle soreness; F, females; M, males; MF, 
muscle force; MT, muscle tenderness; ROM, range of motion; IL-10, plasma interleukin-10; TNF-a, tumour 




Vitamin C and vitamin E combined 
 Vitamin C and vitamin E have in vivo shown to have several synergistic activities 
that possibly complement and assist each other (Packer, Slater, & Wilson, 1979). A single 
blind, two-group study (Shafal, Butler, Jensen, & Donnelly, 2004) examined if 500 mg of 
vitamin C and 1200 IU of alpha-tocopherol daily, or glucose placebo for 37 days would 
have effect on symptoms of muscle damage.  The participants, 12 males, not trained in 
resistance exercise, performed 300 maximal eccentric contractions of the knee extensors 
after 30 days of treatment. Decline in eccentric contractile torque was less in the 
supplementation group (p <.05) as well as low-frequency fatigue [LFF] (20 : 50 Hz ratio),  
one and two days after the exercise (p <0.05). No significant difference in muscle 
soreness or swelling was found between the groups. A drawback with the paper is that 
it did not use a crossover design, which would have reduced the between-subject 
variability. A similar combination- 1000 mg vitamin C, 400IU vitamin E and 90μg selenium 
was used in a double blind randomised controlled study by Bloomer, Goldfarb McKenzie, 
You, and Nguyen (2004). The study comprised 18 untrained female participants who 
ingested the antioxidant supplement (n = 9) or lactose placebo (n = 9) 14 days before 
and for 2 days after 48 maximal eccentric elbow flexions. The supplements had no effect 
on maximal isometric force or range of motion. However, in the supplementation group 
muscle soreness was lower 48 to 72 hours post-exercise and CK activity was lower 24 to 
96 hours post exercise. As women engaging in structured resistance exercise is increasing, 
the findings may have applied significance. 
19 
 Bottom line: the combination of vitamin C and vitamin E may have some 
protective effect on eccentric exercise induced muscle damage. Nevertheless, in both 
studies (Packer et al., 1979; Bloomer et al., 2004) the participants were untrained, it is 
therefore hard to tell if these findings could be transferred to older adults, or individuals 
trained in resistance exercise. 
Carotenoids (tetraterpenoids) 
 Carotenoids belong to terpenoids, a large class of compounds which also includes 
steroids, retinol, and secondary plant or algal metabolites (Miao et al., 2010). 





(Cvetkovic, L. Fiedor, J. Fiedor, Wiśniewska-Becker, & Markovic, 2013). Astaxanthin is an 
algal carotenoid which both in vivo and in vitro have shown powerful antioxidant activity: 






)] as well as scavenging peroxyl 
and alkoxyl radicals (Barros, Pinto, Colepicolo, & Pedersen, 2001). Astaxanthin's effect on 
markers of eccentric exercise induced muscle damage in humans has been studied in a 
paper by Bloomer et al. (2005). Twenty resistance trained men ingested astaxanthin (4 
mg) or safflower oil placebo for 3 weeks before a bout of 100 eccentric knee extensions 
(85% of 1 RM) and through 96 hours post-exercise. The supplements had no favourable 
effect on muscle soreness, CK, or isometric force compared to placebo. Worth noting, 
however, is that mean dynamic force was suppressed to a greater extent in the 
supplementation group compared with the placebo 10 to 72 hours post-exercise. One 
possible explanation to this is that inflammation and tissue healing was suppressed by 
20 
the antioxidants, which negatively influenced recovery characteristics (Connolly, Sayers 
& McHugh, 2003). 
 As only one paper have studied the effect of astaxanthin supplementation on 
indirect markers of muscle injury in humans, recommendations are not justified. The 
participants were young, resistance-trained men: it is unclear if these findings would 
apply to other populations. 
 
Table 3. Eccentric exercise and Vitamin C and E combined, and Astaxanthin 
 
Study Participants Supplement Eccentric Exercise Outcome 
Vitamin C + E 
 
    




500 mg vitamin C 
and 1200 IU of 
vitamin E/d for 37 d 
300 maximal 
eccentric 
contractions of the 
knee extensors after 










1000 mg vitamin C, 
400IU vitamin E and 
90μg selenium 
14 d before and for 








Astaxanthin     





4 mg astaxantin 
3w before and 86 h 
post exercise 
100 eccentric knee 






Abbreviations: CK, creatine kinase; DMF, dynamic force; DOMS, delayed onset muscle soreness; F, females; 
LFF, IMF, isometric force; Low-frequency fatigue; M, males; MF, muscle force; MT, muscle tenderness; ROM, 




 Polyphenols have antioxidant and inflammatory properties and are abundant in 
foods such as tea, wine, fruit, vegetables, and chocolate (Han, Shen, & Lou, 2007). 
Polyphenols antioxidant activity seem to occur by scavenging ROS and by decreasing 
production of ROS (Gonzalez-Gallego, Garcıa-Mediavilla, Sanchez-Campos, & Tun, 2010). 
There are over 10 classes of polyphenols: the major four are flavonoids, phenolic acids, 
stilbenes and lignans (Bravo, 1998). These classes have in turn subclasses with hundreds 
of derivatives. The largest group of polyphenolic compound are flavonoids, with over 
4000 identified varieties (Gonzalez-Gallego et al., 2010). 
 Connolly, McHugh, Padilla-Zakour, Carlson, and Sayers (2006) was one of the first 
papers to examine the effect of a polyphenol supplementation on recovery from EEIMD. 
Tart cherry juice (600 mg of total polyphenols), high in the flavonoid anthocyanins, or 
cherry soft drink mix placebo, was ingested by 14 healthy untrained young men twice 
per day for 8 days. On the fourth day of supplementation, 40 maximal eccentric biceps 
contractions were performed. Strength loss (p <0.0001) and pain (p  =  0.017) were 
significantly less in the cherry juice trial compared to placebo. The data show efficacy for 
cherry juice in decreasing some of the symptoms of EEIMD. A follow up study by Bowtell, 
Sumners, Dyer, Fox, and Mileva (2011) used cherry juice in their study on 10 well trained 
men. More repetitions were included in this trial, as the participants were athletes; 100 
single-leg knee extensions were performed in the first trial; 2 weeks later, a second trial 
was performed. 30 ml CherryActive® juice or isoenergetic fruit concentrate placebo was 
consumed one week before the trial and 48 hours later. Muscle force recovery was 
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significantly faster in the supplementation group compared to placebo (p < 0.05). 
Nevertheless, no effect on muscle soreness was present. This might have been because 
the participants were athletes and regularly performed resistance training of the knee 
extensors and could have led to "the repeated bout effect"- the protective adaptation 
against muscle damage of a single bout of eccentric exercise that occurs from 
subsequent eccentric bouts (McHugh, 2003). The small sample size as well as the fact 
that muscle soreness was measured with a hand-held algometer - a subjective method, 
may have skewed the results. 
 Pomegranate contains mainly ellagitannins and their derived metabolites, and 
can give protection against free radical oxidants (Zarfeshany, Asgary, and Javanmard, 
2014). Two papers have examined the effect of pomegranates on EEIMD with relatively 
promising results (Trombold, Barnes, Critchley, & Coyle, 2010; Trombold, Reinfeld, Casler, 
& Coyle, 2011). The first study found that supplementation with 500 ml of ellagitannins 
from pomegranate two times a day for 9 days, in 16 males not trained in resistance 
exercise, increased muscle strength compared to the placebo group 48 hours (85.4 % +/- 
2.5 % and 78.3 % +/- 2.6 %), and 72 hours (88.9 % +/- 2.0 % and 84.0 % +/- 2.0 %) and 
was significant at p = 0.01 and p = 0.009, after maximal eccentric exercise with the elbow 
flexors. Nevertheless, difference between serum markers of inflammation and muscle 
damage was not significant. However, the latter study found that when 250 ml of 
pomegranate juice was ingested twice a day for 15 days by resistance trained subjects, 
force loss was significantly (p = 0.031) reduced after a maximal eccentric arm exercise 
(60 repetitions) but not eccentric leg exercise in pomegranate (60 repetitions at 110% of 
23 
1 RM) in the juice supplement group compared with the maltodextrin and sucralose 
placebo group. DOMS was significantly reduced at 48 (p = 0.003) and 72 hours (p = 0.038) 
post-exercise in the elbow flexors, but not in the knee extensors. Moreover, elbow 
flexion strength was significantly higher during 2 to 168 hours post exercise with 
pomegranate juice compared to placebo (p = 0.031). No difference in strength was found 
in the knee extensors after pomegranate juice or placebo. It is possible that the daily use 
of quadriceps for ambulation could have protected against soreness or weakness. In this 
study the participants were resistance trained, but still experienced EEIMD symptoms. 
The loading of the muscle during the eccentric part of traditional isotonic training is 
limited by the concentric 1 RM, and the muscle can generate greater torque during the 
eccentric part compared to the concentric (Reeves, Maganaris, Longo, & Narici, 2009). 
The symptoms in the resistance trained subjects in the study may be due to the atypical 
intense loading during the eccentric exercise. 
 Curcumin (Curcuma longa) is a natural polyphenolic antioxidant compound and 
an Indian flavour from the rhizomes of the plant. Curcumin exerts antioxidant activity by 
scavenging reactive oxygen species (Trujillo et al., 2013). Curcumin is also a strong anti-
inflammatory, and have been shown to ease conditions such as bursitis, arthritis, and 
lumbago (Steffi & Srinivasan, 2014). A double-blind randomized, placebo-controlled, 
crossover study (Udani, B.B. Singh, V.J. Singh, & Sandoval, 2009) investigated if a 
supplement containing 421 mg tumeric (95% curcumoids), or maltodextrin placebo 
would reduce DOMS in 10 healthy untrained volunteers after performing eccentric 
contractions of the quadriceps for 5 minutes. No significant differences between the two 
24 
groups for markers of inflammation (C-reactive protein [CRP], TNF-a, IL-1, IL-6) was found. 
However, pain (after six hours; p = 0.039, and 48 hours; p = 0.001) and tenderness (24 
hours after exercise; p = 0.042) were significantly reduced compared to placebo. A 
limitation with the study was the small sample size (n = 10): a follow-up study with a 
power calculation to establish the sample size would have been useful. The markers of 
inflammation and muscle damage might have produced more favourable results for the 
supplement with a larger sample size. More recently, Tanabe et al. (2015) studied the 
effectiveness of 150 mg of curcumin or starch placebo before and 12 hours after 50 
maximal eccentric contractions of the elbow flexors in ten males. For the curcumin group 
a significantly smaller reduction in muscle torque was seen after exercise as well as 48 
to 96 hours after exercise (13 to 16%). The curcumin group also had reduced CK activity 
compared with placebo. ROM and DOMS was not different compared with placebo. The 
results from the study showed that curcumin was effective for some aspects of muscle 
damage. 
 Furthermore, in a double blind, prophylactic fashion study by Kerksick, Kreider, 
and Willoughby (2010), 30 healthy, active males ingested either 1800 mg of 
epigallocatechin gallate (EGCG), a catechin found in green tea, or glucomannan placebo 
for 14 days before performing an eccentric bout of 100 eccentric muscle contractions at 
30°/s of the knee extensors. Muscle soreness was significantly less in the 
supplementation group 24 hours after the exercise. No significant difference was found 
between EGCG supplementations compared to placebo in regards of muscle force or CK 
activity. Moreover, another catechin, quercetin, used in a randomised controlled study 
25 
by O’Fallon et al. (2012) failed to reduce muscle force loss, muscle soreness, ROM, 
inflammation, or CK levels. Quercertin (1000 mg) vitamin C (20 mg), and vitamin E (14 
mg) or placebo was ingested by 30 men for 13 days. On the eight day of supplementation, 
the men performed 48 maximal eccentric contractions of the elbow flexors. The 
biological activity of quercetin found in food decreases during hepatic metabolism in the 
small intestine, which leads to decline in potency after absorption to the blood 
compartment (Kroon et al., 2004). This may be one of the explanations for the lack of 
effect of quercetin in this study. 
 Overall, the majority of the polyphenol supplementation discussed in this review 
seems to have potential to positively modulate exercise induced muscle damage 
symptoms. However, a critical analysis of the methodology of the studies is needed to 























Table 4. Eccentric exercise and polyphenols 
 
 
Study Participants Supplement Eccentric Exercise Outcome 
Polyphenols 
 
    






30 ml cherry Juice 
8 d, 2x/d 
40 maximal eccentric 
elbow flexions 





Udani et al. 
(2009) 
10 M & F 
Untrained 
 





quadriceps for 5 min 













500 ml pomegranate juice 
9 d, 2x/d 
40 maximal eccentric 
elbow flexions 






Abbreviations: CK, creatine kinase; CRP, C-reactive protein; DOMS, delayed onset muscle soreness; F, 
females; M, males; MF, muscle force; MT, muscle tenderness; ROM, range of motion; IL-1, plasma 
interleukin-1; IL-6, plasma interleukin-6; TNF-a, tumour necrosis factor-α; ↑ increase; ↓ decrease; ↔, 













 Table 4. continued 
Study Participants Supplement Eccentric Exercise Outcome 





1,800 mg EGCG 
14 d 
100 eccentric knee 
extensions 30°/s 










30 ml cherry Juice 












250 ml pomegranate 
juice 
15 d, 2x/d 
 
60 maximal eccentric 
elbow extensions 
 
60 eccentric knee 







O'Fallon et al. 
(2012) 
 
30 M & F 
 
Untrained 
1000 mg quercetin bars 
 
13 d, 1x/d   
48 maximal eccentric 
elbow contractions 











150 mg curcumin 
1 h before and 12 h post 
exercise 






Abbreviations: CK, creatine kinase; CRP, C-reactive protein; DOMS, delayed onset muscle soreness; F, 
females; M, males; MF, muscle force; MT, muscle tenderness; ROM, range of motion; IL-1, plasma 
interleukin-1; IL-6, plasma interleukin-6; TNF-a, tumour necrosis factor-α; ↑ increase; ↓ decrease; ↔, 




 The antioxidant N-acetylcysteine (NAC) is a modified form of the essential amino 
acid cysteine, and is found in protein-rich food such as meat, fish, seafood, chicken-, and 
turkey (Lee et al., 2009). NAC supplementation has grown in popularity the last 20 years, 
and is readily available for daily use. NAC facilitates glutathione biosynthesis, and 
scavenges ROS, including hydrogen peroxide hypochlorous acid and hydroxyl radical 
(Medved et al., 2004). However, in high doses, it can act as superoxide, cause a cytotoxic 
effect and produce additional ROS (Halliwell & Gutteridge, 2007). To validate the effect 
of NAC supplementation on EEIMD, Silva et al. (2008) recruited 29 untrained male 
participants and randomly divided them into 3 groups taking 10 mg/kg of either: NAC 
(21 days), starch placebo (21 days) or NAC combined with placebo (14 days). After 14 
days of supplementation, the participants performed 3 sets of eccentric elbow flexion 
and extension (80% of 1 RM) of until exhaustion. The anti-inflammatory cytokine IL-10, 
was on the seventh day after the eccentric exercise only elevated in the supplementation 
groups and was significant at p <.05. No significant differences were found between the 
groups in regards to TNF-α or muscle soreness. Another paper, a double-blind, crossover 
study (Michailidis et al. 2013), included 10 recreationally active males who received 
either NAC (20 mg NAC/kg) or placebo (water and sugar-free cordial) immediately after 
an acute bout of 300 maximal eccentric repetitions of the quadriceps as well as for 8 
days after exercise. The 8 days following the eccentric exercise, the supplementation 
increased the concentration of glutathione (GSH) in the muscles and decreased of 
thiobarbituric acid reactive substances (TBARS) concentration (indicator of free radical 
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activity) as well as secretion of proinflammatory cytokines (interleukin 1 beta [IL-1β] and 
IL-6). Nevertheless, NAC attenuated loss in muscle strength (p = 0.02–0.016) at 24 and 
48 hours post exercise compared to placebo. A greater (p = 0.012) performance output 
was seen in the placebo group compared to NAC day 8 after the eccentric exercise. The 
authors discussed that it is possible that redox-sensitive signalling pathways were 
blunted, which would have therefore disrupted the skeletal muscle inflammatory 
response and repair capability. As previously discussed in this review, acute 
administration of NAC in combination with vitamin C appear to facilitate the 
inflammatory and oxidative stress associated with muscle damage after eccentric 
exercise. In response to the supplementation after eccentric exercise in the paper by 
Childs et al. (2001), circulating levels of free iron (that may react to form hydroxyl radicals) 
were elevated, and CK and lactate dehydrogenase (LDH), markers of protein breakdown 
and damage, were increased after supplementation, as were markers for oxidative stress. 
However, no significant difference in muscle pain or ROM were found between the 
groups. 
 On the basis of these studies, it is probably not advisable to ingest NAC alone, or 











Table 5. Eccentric exercise and N-acetylcysteine 
 
 Study Participants Supplement Eccentric Exercise Outcome  
N-acetylcysteine 
    




12.5 mg Vit C 
10 mg NAC/kg 
After exercise and 7 
d post exercise 
30 eccentric elbow 












1000 mg vitamin C, 
400IU vitamin E 
and 90μg selenium 
14 d before and for 














20 mg NAC/kg 
body weight after 










IL-1β  ↓ 
IL-6 ↓ 
 
Abbreviations: CK, creatine kinase; DOMS, delayed onset muscle soreness; GSH, glutathione; LDH, lactate 
dehydrogenase; MF, muscle force; ROM, range of motion; IL-1β, plasma interleukin-1β; IL-6, plasma 









Eccentric exercise puts mechanical stress on the connected structures and can 
induce symptoms such as muscle soreness, swelling, decreased range of motion and 
strength loss as well as psychological stress. In this review, common antioxidants (vitamin 
C, vitamin E, carotenoids, NAC, and polyphenols) were discussed to prevent or decrease 
eccentric exercise induced muscle damage. The studies examining the effect of vitamin 
C and vitamin E show conflicting evidence regarding the protective properties of the 
antioxidant vitamins. Only one paper has studied the effect of astaxanthin 
supplementation on indirect markers of muscle injury in humans, and found no evidence 
for its effectiveness. There is promising evidence for polyphenol supplementation’s 
effect on positively modulating eccentric exercise-induced muscle damage symptoms. 
However, as the methodological quality varied among the studies there is need for a 
critical analysis of the methodology to obtain a more reliable and valid interpretation. 
The evidence for the effect of N-acetylcysteine and EEIMD is scarce. In combination with 
vitamin C, it was even found to attenuate loss in muscle function in one of the two 
studies discussed in this review. 
More investigations are needed to corroborate the initial findings of each 
antioxidant, as the data are limited. In addition, as interest in antioxidants to relive 
symptoms after eccentric exercise induced muscle damage continues to grow, 
systematic reviews should be conducted to critically assess the available evidence for the 
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The effect of flavonoid supplementation in alleviating 
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Rationale for journal 
 
The systematic review will follow guidelines from the Systematic Reviews Journal 
(http://systematicreviewsjournal.biomedcentral.com/submission-guidelines/preparing-
your-manuscript/research) published by BioMed Central. The journal publishes 
systematic reviews related to a broad definition of health such as exercise physiology 
and human nutrition. An exception to the journals guidelines is the referencing structure 
which follows the American Psychological Association (APA) guidelines, required by the 
































Eccentric exercise can cause damage to skeletal-muscle fibres, which can lead to loss of 
strength, swelling, delayed onset muscle soreness (DOMS), and increased blood levels 
of muscle damage markers. Antioxidant supplements containing flavonoids are used by 
many athletes and recreationally active individuals hoping to counteract the damage 
produced by eccentric exercise. The objective of this study was to evaluate the evidence 
for flavonoid supplementation on the symptoms associated EEIMD. 
 
Methods 
Four electronic database literature searches were conducted (PubMed, Sport Discus, 
Science Direct, and Wiley Online Library) to identify studies investigating the effect of 
flavonoid supplementation on symptoms associated with EEIMD. Randomised 
controlled trials that utilised supplementation of flavonoids on human subjects 




Six studies were identified that fulfilled the selection criteria. All studies were 
randomised, whereas four were double blinded. One study demonstrated reduced 
muscle strength-loss and pain after supplementing with cherry, and one study found that 
blueberry supplementation enhanced muscle speed recovery. Black currant 
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supplementation reduced circulating markers of muscle damage but had no effect on 
pain. Three studies were unable to demonstrate any significant effect of flavonoid 
supplementation (fruit/berry/vegetable supplement, quercetin, and grape) on recovery 
from eccentric exercise. 
 
Conclusion 
For any particular flavonoid studied within an eccentric exercise context, few papers are 
available, and there is a variation with regard to the supplementation dose and regimen, 
the mode of exercise as well as outcome measures. However, in the majority of the well-
designed, bias-controlled studies compared to placebo receiving subjects’ flavonoid 















Eccentric exercise induced muscle damage 
 Performing eccentric exercise can cause damage to skeletal-muscle fibres, which 
can lead to loss of strength, swelling, delayed onset muscle soreness (DOMS), and 
increased blood levels of the muscle damage marker creatine kinase (CK) in the days 
following an exercise bout (Clarkson, Nosaka, & Braun, 1992). Furthermore, eccentric 
exercise induced muscle damage (EEIMD) have been associated with oxidative stress, 
and inflammatory processes (Clarkson & Hubal, 2002). 
 Impaired muscle function and pain, may have a negative impact on athletes’ 
ability to train during the following days and performance during consecutive games 
(Krentz & Farthing, 2010). EEIMD usually occurs after unaccustomed eccentric exercise; 
when the muscle is lengthening during simultaneously contraction. There is at present 
no clear evidence for the aetiology of EEIMD but it is believed that a mechanically 
induced disruption of the extracellular matrix, sarcoplasmic reticulum, sarcolemma, t-
tubules, and contractile proteins occurs initially. At the site of injury secondary damage 
is caused by phagocytic cells which produces reactive oxygen species (ROS) (Charge & 
Rudnicki, 2003). Moreover, phagocytosis, protease production together with the release 
of cytolytic and cytotoxic molecules are thought to contribute to additional degradation 






 Flavonoids are found in most plant foods and represent a large class of 
polyphenolic components (Erdman et al., 2007). There are at least six subclasses of 
flavonoids with distinct differences in chemical structure: flavones, flavones, flavanones, 
flavones, anthocyanins, and isoflavonoids (Bravo, 1998). A large number of flavonoids 
are thought to have beneficial health effects and epidemiological studies have found a 
relationship between flavonoid-intake and decreased risk of cardiovascular disease (Arts 
& Hollman, 2005). Furthermore, antioxidant and anti-inflammatory effects of flavonoids 
have been found in in vitro studies (Knekt, Jarvinen, Reunanen, & Maatela, 1996). 
Important sources of flavonoids are tea, citrus fruit, wines, berries, apples, and onions 
(Bravo, 1998). 
 Antioxidant supplements are used by many athletes and recreationally active 
individuals hoping to counteract the damage produced by eccentric exercise (Urso & 
Clarkson, 2003). There is a growing body of evidence from human trials about the 
potential of oral flavonoid supplementation as a treatment for eccentric exercise 
induced muscle damage, including anthocyanins (Connolly, McHugh, Padilla-Zakour, 
Carlson & Sayers, 2006; Bowtell, Sumners, Dyer, Fox, & Mileva, 2011; McLeay et al. 2012), 
and catechins (Kerksick, Kreider & Willoughby, 2010). Supplements containing flavonoids 
may benefit exercise performance directly or indirectly. Reduction of muscle fatigue at 
the contractile function level may be a direct effect. Enhancement of training, improved 
ability to recover from training as well as reduction of physiological stressors might be 
indirect effects (Reid, 2001). 
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Objective of the systematic review 
 Recently there has been interest in the potential of flavonoids to improve 
recovery from eccentric exercise induced muscle damage. At present no systematic 
review has to the authors knowledge been performed on the topic. The aim of this 
systematic review is therefore to critically evaluate studies that investigated the effect of 
dietary flavonoid supplementation on alleviating symptoms associated with eccentric 
exercise. The review will be of interest for those who turn to dietary antioxidant 
supplements rich in flavonoids to maintain their health and performance, and it may be 
of particular relevance to athletes who compete over successive days. 
 
Methodology 
Format of the systematic review 
 In order to ensure a complete reporting, the systematic review will follow the 
guidelines from the PRISMA (preferred reporting items for systematic reviews and meta-
analyses) statement (Moher, Liberati, Tetzlaff, & Altman, 2009). PRISMA has a checklist 
with 27 items which creates transparency of a systematic review by providing items 
regarded essential for the reporting (Liberati et al., 2009). As PRISMA does not describe 
in detail the conduct of systematic reviews, structural guidance will be taken from the 






 As reported by 'The Centre for Review and Dissemination' (2009) a systematic 
review should have clearly stated research questions in the protocol. After performing 
scoping search of the literature the research question was set; 
 Can symptoms associated with eccentric exercise induced muscle damage be 
attenuated by dietary flavonoid supplementation? 
 
Research Protocol and Search strategy 
 The structure of ”PICOS” which can be seen below was used to break down the 
review question and act as a guide to develop the search terms (Centre for Reviews and 
Dissemination, 2009). Problem/ Population - Eccentric exercise induced muscle damage, 
Intervention – Flavonoid-supplementation, Comparators – Placebo, Outcome – Muscle-
soreness, muscle-strength, range of motion, muscle damage markers, and Study design 
– Randomized controlled trials (RCT'S). According to the Centre for Review and 
Dissemination (2009) it is recommended to search for concepts that can be translated 
into search terms. Nevertheless, including all PICOS concepts is not necessary. 
 A study by Wilczynski and Haynes (2003) looked into ways of optimizing search 
strategies in MEDLINE (international literature database) to find clinically reliable 
causation studies. It was found that using a combination of terms could enhance 
sensitivity, specificity, precision, and accuracy of the results. Furthermore, Wilczynski 
and Haynes (2003) also suggests using alternative search terms to achieve a broader 
search. A variety of kew-words for flavonoids and eccentric exercise induced muscle 
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damage were therefore to be used in the search. The medical subject headings (MeSH) 
on-line vocabulary (United States National Library of Medicine, 2007), alternative words 
in titles or abstracts as well as the authors knowledge of the topic was used to construct 
a list of key-words for the search (table 1). Initial searches revealed that flavonoids in 
some studies went under the name ”polyphenols”, as they constitute a subclass of 
polyphenols, and was therefore incorporated. Furthermore, some of the most common 
flavonoids: anthocyanins; abundant in berry fruits, quercetin; found in onion, and apple, 
as well as catechin; abundant in tea and several fruits (D'Archivio et al., 2007) were also 
included. 
 
Table 1. Key-words related to flavonoids and EEIMD 
Flavonoids Exercise induced muscle damage 
Polyphenols Eccentric Exercise 
Quercetin Muscle Strength 




A full description of the individual search protocols for studies into flavonoids and 
eccentric exercise induced muscle damage can be seen in table A.1, appendix A. 
The Boolean search string ”AND” was used to produce more accurate and more relevant 




To minimize potential bias in later stages, eligibility for the studies to include was set at 
this stage, and only studies satisfying the criteria found in table 2 were suitable for 
inclusion. 
 
Table 2.  Criteria for inclusion 
1. Studies on human subjects 
1. Studies using polyphenols of the class of flavonoids 
2. The type and frequency of the eccentric exercise must be described 
3. Only primary research (no books, reviews or abstracts only) 
4. The search terms must be included in the title or abstract 
5. The study must be a randomized controlled trial (RCT) 
 
If one or more of the criteria was not satisfied, the study was excluded as it lacked 
essential information required for a sufficient analysis. 
 
Performing literature search 
 Four academic literature specific databases were selected for the literature 
search of the search terms mentioned above. The chosen databases were: PubMed, 
Sport Discus, Science Direct, and Wiley Online Library (table 3). Furthermore, the 
included papers reference lists were scanned for relevant studies to identify possibly 









Contains over 17 million citations 
from MEDLINE and other science 
journals for biomedical articles 
from the 1950s to present. 
Pubmed and is a service of the 
U.S. National Library of Medicine 




ScienceDirect provides e-journals 
from the Elsevier Science 
publisher, and has one of the 
world's largest electronic 
collection of medicine, science, 
and technology. 
SportDiscus (ebscohost.com/academic/sportdiscus) The international database 
SPORTDiscus covers sports from 
various aspects, such as medicine, 
psychology, and education. It 
includes over 2 million records, 
with journals, dissertations, books 
and conferences coverage 
from1931 to this day. 
Wiley Online Library 
(onlinelibrary.wiley.com) 
One of the world's broadest 
multidisciplinary collection of 
online resources including life, 
health and physical sciences, social 
science, and the humanities can 
be found at Wiley Online Library. It 
gives access to 6 million articles 
from 1500 journals, 18,000 online 
books, as well as well as reference 








 To make sure that the analysis between the selected papers were consistent, a 
standardized data extraction sheet was used (table B.1., appendix B). Assessment of 
whether the study satisfied the eligibility criteria previously described, was included in 
the sheet (Centre for Review and Dissemination, 2009). In the addition, the data 
extraction form contained general information related to the publication title, author(s), 
year of publication, database, as well as the search string (Centre for Review and 




 The Jadad 3-item scale was used to assess the methodological quality of the 
selected studies. In the Jadad Scale studies are assessed according to three key 
methodological features: randomization, blinding, and reporting of withdrawals (Jadad 
et al., 1996). 
 Randomization minimises selection bias and double blinding makes sure that the 
prejudiced views of subjects and clinicians cannot bias the evaluation of outcomes 
(Sibbald & Roland, 1998). Withdrawals from a clinical trial are subjects for whom there 
are no end point measurements. This is often due to that they dropped out of the study 
and were lost to follow-up, or that they experienced negative results from an 
intervention (National Heart, Lung, and Blood Institute, 2014). 
 The main advantages of the Jadad scale are that it has known reliability and 
external validity, contains many important features that correlate with bias, and has a 
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small number of questions, which makes it easy to use (Halpern & Douglas, 2005). 
Responding to five questions relating to the selected study is required (the questions can 
be found in table 5.) Five points is the maximum number of points a study can receive 
for the reporting of the controlling of bias (high quality), and the minimum number of 



















 The initial electronic database search of the literature resulted in a total of 1036 
citations (C.1., appendix C). Of these, 12 were selected as potential studies based on 
their titles and abstracts.  After the whole article was read, only 4 of these actually 
fulfilled the initial criterion. The reasons for exclusion were: (1) the study was not a 
randomised controlled trial, and (2) the supplements mainly contained other 
polyphenols than flavonoids. 
 
Two articles also were obtained through a hand search (reference lists and bibliographies 
of included studies for relevant studies that were not found through electronic search). 
Thus, a total of 6 studies were finally included in the study and analysed. Figure 1 details 


































Figure 1. Flow chart of the searches 
 
  Citations from original search 
  (n=1036) 
  Citations excluded (n=1024) 
  Citations excluded from the 
  Systematic Review (n=8) 
 
   not using flavonoid polyphenols 
   (n=3) 
 
   not RCT's (n=5) 
    
   Full copies retrieved and assessed 
   for eligibility (n=12) 
 
  Studies included after reference 
  tracking (n=2) 
  Potential studies identified for 
  review (n=4) 
  Studies included in the Systematic 
  Review (n=6) 
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Studies selected for inclusion 
 The elegibity criteria was met by six studies; Connolly et al. (2006), Goldfarb, 
Garten, Cho, Chee, and Chambers (2012), McLeay et al. (2012), O'Fallon et al. (2012), 
O'Connor, Caravalho, Freese, and Cureton (2013), and Hutchinson, Flieller, Dillon, and 
Leverett (2016). 
 
Characteristics of included papers 
 
 The six papers were published between 2006 and 2016 (table 5). Four of the 
studies were parallel studies, and two were crossover trials. The main objective of the 
studies were to examine the effect of different flavonoids on decreasing the symptoms 
of exercise induced muscle damage.  All studies looked at the effect of flavonoids on 
muscle strength and pain, and/or soreness after eccentric exercise. Three papers also 
looked at range of motion (ROM), four at creatine kinase (CK) and two at interleukin-6 
(IL-6.) Of the included studies, the majority were carried out in North America (five 
studies) and one in New Zealand. The study participants were men and women between 
18 and 40 years of age and the sample size varied between 10 and 41. 
 
Characteristics of supplements and eccentric exercise 
 
 The supplements contained fruit, fruit powder, capsules with dried fruit 
concentrate, and energy bars with added flavonoids. The amount and type of flavonoids 
varied between the studies. The flavonoids came from cherry, black currant, blueberries, 
quercetin, grape, and from a mix of fruit, vegetables, and berries. The loading protocol 
varied from 8 to 45 days. 
57 
Four of the studies used single-joint maximal eccentric elbow contractions, and two used 
eccentric knee extensor contractions through a specified range of motion. Different 
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CK: ↑ after 24–72 h (≅) 
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  5/5 
 
Abbreviations: CK, creatine kinase; DOMS, delayed onset muscle soreness; MS, muscle strength; MP, 
muscle pain; MT, muscle tenderness; ORAC, oxygen radical absorbance capacity. PLA, placebo; ROM, range 










Flavonoids and muscle damage markers 
Three of the studies reported positive results of flavonoid supplementation and muscle 
damage markers. The first study (Connolly et al., 2006) on 14 untrained males (22 +- 4 y) 
found that supplementation with 30 ml cherry juice twice a day for eight days 
significantly reduced muscle strength loss and pain (strength p <0.0001, pain p  =  0.017), 
compared with cherry soft drink mix placebo after eccentric exercise. The exercise 
regimen consisted of a bout of 40 maximal eccentric elbow flexions on the fourth day of 
supplementation. Two weeks later the protocol was repeated with crossover. Muscle 
tenderness were not different between the trials. Most notably, average strength loss 
over the four days after the exercise was only 4% with the cherry juice whereas 22% with 
the placebo. Muscle pain (on a scale of 0 to 10) was lower in the supplementation group 
(2.4 [0.7]) compared with placebo (3.2 [1.1]). 
 In the second study (McLeay, et al., 2012), 10 physically active females (22 ± 1 y) 
ingested a blueberry smoothie (200 g blueberries, 50 g banana, and 200 ml apple juice) 
or placebo (25 g dextrose, 50 g banana, and 200 ml apple juice), 5 and 10 hours prior to 
300 maximal eccentric contractions of the quadriceps, and 12 and 36 hours after the 
exercise. Faster recovery of muscle strength (p = 0.047) was seen in the blueberry 
intervention group than control during the 60 h recovery period. However, no overall 
difference was reported between the blueberry group and control group regarding 
DOMS. Furthermore, no significant difference in inflammatory biomarkers associated 
with muscle damage, CK, or circulating IL-6 levels (p = 0.721) were found between the 
two groups. An increase in plasma carbonyls was observed at 12 hours in both conditions, 
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followed by a decrease. Even though blueberries had an accelerated decline in plasma 
carbonyls, the difference was not statistically significant (p = 0.06). 
 Recently, Hutchison et al. (2016) investigated if supplementation with 473 ml 
black currant nectar (BCN) or cherry Kool-aid drink mix placebo twice a day for 8 
consecutive days would reduce symptoms of exercise-induced muscle damage in 
untrained men and women (18-40 y). On the fourth day of supplementation 30 eccentric 
knee extensions (115% of 1 RM) were performed. No significant difference in reported 
soreness between groups was found, however BCN supplementation reduced absolute 
CK activity at both 48 h (-6.71%, p = .039) and 96 h (−12.11%, p = .013), as well as 
inflammatory cytokines; IL-6 at 24 h (−6.54%, p = .023). 
 Three of the studies found no significant difference between flavonoid 
supplementation and placebo on functional changes related to pain and muscle damage. 
For instance, Goldfarb et al. (2011) reported that a fruit/berry/vegetable supplement 
(flavonoids and anthocyanins as well as 7.5 mg β-carotene, 180 IU vitamin E, and 276 mg 
Vitamin C daily), had no significant impact on muscle damage, pain, ROM, and CK 
compared with microcrystalline cellulose placebo. However, the glutathione ratio 
(GSSG/TGSH), an indicator of oxidative stress was elevated 6 h postexercise with placebo 
compared with the supplement group (p< 0.05). The participants were 41 untrained 
males and females (18-35 y), who were randomly assigned to either a placebo or 
fruit/berry/vegetable capsules (for 28 d (6 d-1) before a bout of 48 maximal eccentric 
elbow flexions, and for the next 4 days. 
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 In a study by O'Fallon et al. (2012) thirty men and women (18–25 y), naive to 
resistance training, were randomized to quercetin (1000 mg/d) or placebo 
supplementation (20 mg vitamin C and 14 mg tocopherols), and took part in two 
separate sessions of 24 eccentric maximal elbow contractions. Supplements or placebo 
were taken 7 days before and 5 days after the second exercise. No significant difference 
were found between quercetin supplementation and placebo regarding strength, 
soreness, IL-6,
 
or CK elevation after the exercise. 
 Lastly, O'Connor et al. (2013) found no significant difference on muscle strength, 
muscle pain or ROM after eccentric exercise and supplementation containing 46 g grape 
or starch placebo for 45 consecutive days. Before and 42 days after supplementation, 
the participants (male and women between 18-35 y) took part in exhaustive treadmill-
running, and the day after they completed 18 eccentric actions of the elbow flexors (1 













Table 5 shows the results from the Jadad quality scale. All studies were 
randomised, however, only O'Fallon et al. (2012), O'Connor et al. (2013), and Hutchinson 
et al. (2016) described the randomisation process. The first study used a permuted block 
design and the other papers used random-number generators for randomisation. 
Randomization of participants ensures that any possible difference between the 
treatment group and placebo is due to chance alone, and not selection bias, a fact that 
can affect the validity of the study (Roberts & Priest, 2006). Four studies were also 
double blinded (Goldfarb et al., 2011; O'Connor et al., 2013; O'Fallon et al., 2012; 
Hutchinson et al., 2016). Nevertheless, only Goldfarb et al. (2011), O'Fallon et al. (2012), 
and Hutchinson et al. (2016) described the method of blinding. In the studies by Connolly 
et al. (2006) and McLeay et al. (2008), there was no reporting of any attempt to blind the 
assessors and when interpreting the results consideration seems wanted as it has been 
suggested that this may increase the risk of bias regarding the benefits of an intervention 
(Colditz, Miller, & Mosteller, 1989). For instance, in a study by Schulz, Chalmers, Hayes, 
and Altman (1995), it was found that the treatment effects of trials not using double-
blinding was increased by 17%. The reporting of potential withdrawals from the studies 
were discussed in all papers. When participants withdraw during a clinical trial they may 






Table 5. Jadad Scale results 




























and it was 
appropriate 











Connolly YES NO YES NO NO NO NO 
Goldfarb YES YES YES NO YES NO NO 
McLeay YES NO YES NO NO NO NO 
O'Fallon YES YES YES YES NO NO NO 
O'Connor YES YES YES YES YES NO NO 


























 The effects of flavonoid supplementation on muscle damage after eccentric 
exercise have been investigated in various studies, nevertheless, there are at present no 
strong evidence towards its effectiveness. Three studies were unable to demonstrate 
any significant effect of flavonoid supplementation (fruit/berry/vegetable supplement, 
quercetin, and grape) on recovery from eccentric exercise. Decrease in biological activity 
of the bioactive compounds due to interplay with other food components or 
insufficiency of the quantity in the target tissues were suggested by the authors to be a 
reason for the inability of treatment (O'Fallon et al., 2012; O'Connor et al., 2013). 
 Conversely, findings by Connolly et al. (2006) demonstrated reduced muscle 
strength loss and pain after supplementing with cherry juice but no significant change in 
muscle tenderness. The authors discuss that it might be because that muscle tenderness 
was only measured at one site distally on the elbow flexors, and that a small muscle 
group was used. Moreover, a significantly reduction of circulating markers of muscle 
damage; CK and IL-6 were found after black currant supplementation, however, no 
significant differences were observed between groups regarding pain at any time point 
after the eccentric exercise (Hutchinson et al., 2016). Furthermore, supplementation 
with blueberry enhanced muscle speed recovery in one study but had no effect on pain 
(McLeay, et al., 2012). Even though cherries, black currant and blueberries all are high in 
anthocyanins, a subclass of flavonoids, blueberry and black currant supplementation did 
not reduce pain. One potential possibility of the difference in the supplements effect 
might be due to interactions between anthocyanins and other bioactive constituents 
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present in the fruit and berries, thus making the effect unique to the food and not to 
specific flavonoids (Jefferey, 2005). Furthermore, the regimens concerning the length of 
the supplementation, number of repetitions or muscle groups studied could also explain 
the differences found in the markers of muscle damage. In regards with oxidative stress, 
it may not be the primary factor contributing to the functional changes in response to 
eccentric exercise (McLeay, et al., 2012). Two of the included studies measured markers 
of oxidative stress within the blood (Goldfarb et al., 2011; McLeay, et al., 2012). 
Supplementation with a fruit/berry/vegetable supplement had no significant effect on 
functional changes relating to pain and muscle damage even tough it inhibited the rise 
in oxidative stress markers. The findings goes in tandem with the blueberry 
supplementation study as all correlations of indices of muscle performance with plasma 
antioxidant capacity were insignificant. 
 The studies compromised sample sizes ranging from 10 to 41 participants. 
Recommendations from the Central Office for Research Ethics Committees [COREC] 
(2007) regarding the sample size are that ”the number should be sufficient to achieve 
worthwhile results, but should not be so high as to involve unnecessary recruitment and 
burdens for participants”. Omitting to do a power analysis/sample size calculation before 
collecting of data may lead to a result which is not statistically significant, but is not 
capable of detecting a difference of practical significance (McCrum-Gardner, 2010). Only 
three studies (Connolly et al., 2006; O'Connor et al., 2013; Hutchinon et al., 2016) 
performed a power calculation before collecting data. All studies used a power of  .80, 
which is a common compromise between underpowered and overpower (Gelman & 
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Weakliem, 2009). Generally, studies with low power have a greater chance of having a 
large effect size than studies with high power. Therefore, when the null hypothesis is 
rejected with a small sample size the sample mean tends to be noticeably greater than 
when the null hypothesis is rejected with a larger sample.  The effect will appear to be 
stronger with a small sample size (lower power) than with a large sample size (higher 
power) and might suggest an effect that is not there (Gelman & Weakliem, 2009). In the 
study by Hutchinson et al. (2016) eight participants withdraw during the study which 
may have reduced the statistical power, and increased the risk of making a type II error. 
 Unaccustomed exercise commonly results in muscle damage with symptoms 
such as soreness, CK elevation, and strength loss (McHugh, Connolly, Eston & Gleim, 
1999). In four of the studies (Connolly et al., 2006; Goldfarb et al., 2011; O'Connor et al., 
2013; Hutchinson et al., 2016) the participants were physically active but not trained in 
resistance-training exercises. In one study the population were experienced in resistance 
training or aerobic exercises (McLeay, et al., 2012), and in one study the participants 
were inexperienced in resistance training and sedentary to recreationally active (O'Fallon, 
2012). In the latter study the span of the activity level was varied which could have had 
an impact of the muscle damage markers and results from supplementation. 
 One of the studies (McLeay, et al., 2012) compromised only female participants, 
one only male populations (Connolly et al., 2006), and the remaining four used mixed 
genders. Men and females might response differently to eccentric exercise. Differences 
in inflammatory response (Stupka et al., 2000), CK activity, (Sewright, Hubal, Kearns, 
Holbrook, & Clarkson, 2008), and muscle soreness (Dannecker et al., 2012) have been 
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noted between the sexes after eccentric exercise. Moreover, according to Birch and Reilly 
(1999), hormonal changes might impact female’s performance in strength exercises. The 
phase of the menstruation cycle during which women performed the exercise was 
standardized in the study by McLeay, et al. (2012). However, in studies where both men 
and women were evaluated this, or other variables potentially influenced by the sex was 
not taken into consideration. 
 With regards to the quality of studies, the paper by O'Connor et al. (2013) 
received 5/5 on the Jadad scale and can be regarded as one the strongest in this review. 
The study was double-blinded, randomised and described withdrawals. Moreover, the 
measurements of strength, pain, and ROM during the tests seems reliable as evidence 
by intraclass correlations exceeded .932. The double blinded, randomized controlled 
study by Hutchinson et al. (2016) can also be considered strong (5/5 on the Jadad Scale). 
However, the fact that eight participants out of 24 withdraw during the study may have 
reduced the statistical power. O'Fallon et al. (2012) received 4/5 on the Jadad scale and 
can be considered of good quality. The methodology of this study was robust in that a 
randomised, double‐blinded approach was undertaken. A drawback with the study was 
that it lacked power as well as the fact that the participants were sedentary to 
recreationally active – the participants’ great diversity in activity levels might have 
influenced the degree of muscle damage and, therefore, the effects of the 
supplementation. The paper by Goldfarb et al. (2011) utilised randomisation and double 
blinding in its selection. Quality flaws were the method of randomisation, lack of power, 
and that the type and amount of flavonoids was not described – this generates low 
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transferability. However, overall this study is considered of good quality (4/5). McLeay et 
al. (2012) can with its low score of 2/5 be considered one of the weakest studies in this 
review; it lacked power, did not use blinding or included description of the randomisation 
process. Furthermore, the recruitment method ”word-of-mouth” is questionable as it 
might have lead to sampling bias and poor external validity. The results from this study 
should therefore be interpreted with reservation. Lastly, Connolly et al. (2006) was one 
of three studies that used a power calculation, and was well-powered at 80 %. The 
drawback of the study can be found in the lack of concealment and in that there was no 
reporting that the participants or assessors were blinded for the trials. The study is 
considered of low quality (2/3), and therefore some caution regarding the results seems 
warranted. 
 A tendency noted among studies finding significant effect were that they 
generally received lower scoring on the Jadad quality assessment (Jadad et al., 1996). 
The mean score was 3 out of 5 (50%) whereas studies not finding significant effect 
received a mean score of 4,3 out of 5 (50%). The final results of a study can be biased 
and underestimate or exaggerate the effects of an intervention. It is therefore important 
to control for the factors of bias (randomisation of population, double blinding and 
withdrawals) (Jadad et al., 1996). Other factors such as dietary intake of the participants 
will also contribute to the study's accuracy. However, studies that employ rigorous 
measures in order to control bias, would theoretically extend this to all parts of the study 
design. Accordingly, quality assessment with the Jadad scale reveals that the majority of 
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the bias-controlled and well designed studies in this review do not find significant effect 






 The results from the included studies in this systematic review have been mixed. 
However, in the majority of the well-designed, bias-controlled studies compared to 
placebo receiving subjects’ flavonoid supplementation were unable to influence 
symptoms associated with EEIMD in terms of muscle damage and inflammation markers. 
Nevertheless, for any particular flavonoid studied within an eccentric exercise context, 
few papers are available, and there is a variation with regard to the supplementation 
dose and regimen, the mode of exercise as well as outcome measures. Further research 
using properly controlled and blinded trials are needed to determine the effect of 
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A.1. Search Terms 
1. Flavonoids AND Exercise induced muscle damage 
2. Flavonoids AND Eccentric Exercise 
3. Flavonoids AND Muscle Strength 
4. Flavonoids AND Muscle Soreness 
5. Polyphenols AND Exercise induced muscle damage 
6. Polyphenols AND Eccentric Exercise 
7. Polyphenols AND Muscle Strength 
8. Polyphenols AND Muscle Soreness 
9. Quercetin AND Exercise induced muscle damage 
10. Quercetin AND Eccentric Exercise 
11. Quercetin AND Muscle Strength 
12.  Quercetin AND Muscle Soreness 
13. Anthocyanin AND Exercise induced muscle damage 
14.  Anthocyanin AND Eccentric Exercise 
15. Anthocyanin AND Muscle Strength 
16. Anthocyanin AND Muscle Soreness 
17. Cathechin AND Exercise induced muscle damage 
18. Cathechin AND Eccentric Exercise 
19. Cathechin AND Muscle Strength 








































































Database 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
PubMed 20 9 47 12 8 3 7 2 5 2 13 2 7 1 3 1 2 3 10 1 
Science 
Direct 
4 72 9 139 23 73 5 57 96 47 4 28 5 3 23 2 5 3 34 2 
Sport 
Discus 




5 4 0 3 5 5 1 4 20 34 11 39 5 16 1 11 5 15 0 10 
Total 34 90 56 157 41 86 14 67 124 86 34 71 18 20 29 16 13 23 44 13 
 
Number 1 – 20 represent the outputs from the search terms as displayed in A.1, 
appendix A. 
 
 
